Abstract Although musculoskeletal disorders are the most common reason for general practitioner visits, training did not keep pace. Implementation of learning from patients with rheumatologic disorders linked together with the teaching of theoretical knowledge in the preclinical medical education might be an important step forward in the improvement of quality of care for these patients. The Leiden Medical School curriculum has implemented two non-obligatory real patient learning (RPL) practicals integrated within the preclinical block musculoskeletal disorders. This study investigates the educational effectiveness of the practicals, the expectations students have of RPL, and students' satisfaction. Participants' grades on the endof-block test served as the test results of the educational effectiveness of the practicals and were compared with those of the non-participants. Qualitative data was collected by means of questionnaires generated by focus groups. The participants in practicals scored significantly higher at the end-of-block test. The expected effects of the contact with real patients concerned positive effects on cognition and skills. 'Contextualizing of the theory', 'better memorizing of clinical pictures', and 'understanding of the impact of the disease' were the most frequently mentioned effects of the practicals. Overall, the participants were (very) enthusiastic about this educational format. The RPL practicals integrated within a preclinical block musculoskeletal disorders are a valuable addition to the Leiden medical curriculum. This relatively limited intervention exhibits a strong effect on students' performance in tests. Future research should be directed towards the long-term effects of this intervention.
Introduction
While musculoskeletal (MSK) complaints are the second most common reason for counselling a doctor [1] [2] [3] , training did not keep pace [4] and in many medical circumstances, MSK complaints are not taken seriously [5] . The appreciation of this problem [6, 7] was reflected in the world wide designation of 2000-2010 as an International Bone and Joint Decade [6, 8] and led to the development of initiatives tackling this problem at several levels of education be it undergraduate curricula [6, 9, 10] or at the general practitioner level [11] .
In the past decades, the prospect of the patients with inflammatory joint diseases has changed dramatically [12] while the need to improve the education in MSK diseases is still current. The development of new disease-modifying anti-rheumatic drugs (DMARDs), the successful application of a combination of DMARDs, and, last but not the least, the availability of biologicals mediated this change in treatment strategy. Early start of treatment, however, remains vital [13, 14] . The primary condition for early treatment is (1) early recognition of the inflammatory condition by the general practitioner followed by (2) timely referral to the rheumatologist. It is, thus, important to realize that a lack in training of skills in history taking and physical examination of patients with MSK complaints might have a serious negative effect on the life perspective of patients and action should be taken to ensure optimal quality of care [15, 16] . In addition, in the feeling of many, the clinical education of medical studies has been moving too much away from the bedside [5, 17] .
Systematic implementation of learning from real patients with rheumatologic disorders linked together with the teaching of theoretical knowledge in the preclinical medical education might be a step forward in the improvement of quality education in respect to knowledge, skills, and attitude and have positive impact on the quality of care for these patients. Described positive effects of early contacts with real patients are multiple and concern above all the effects on learning processes, skills, and attitudes. Contacts with real patients reportedly ease learning processes by demonstration of practical relevance of theory [18] [19] [20] [21] and by making learning more meaningful and more focused [22] . Learning from real patients has been experienced as giving students insight into the ethical dimension of patient care [23, 24] and as help to attain an empathic attitude towards patients [25, 26] . It was reported supportive in strengthening of students' self-awareness and of feeling more confident when meeting patients but also, last but not the least, in taking diagnostic histories and performing physical examination [23, 24, 27] . Early contact with patients improved students' motivation and reduced the stress of the transition to the clinical environment [18, 26, 27] and improved their clinical skills [28] .
With the exception of the study by Branch [24] , there is, however, less decisive evidence concerning positive effect on students' performance in knowledge assessments. The 2006 best evidence medical education (BEME) systematic review [29] concludes that, although there is some evidence that students who had early experience perform better on summative tests [30] , the effect sizes are small and the claims are either based on sketchy data or week study methods [21, 31] and it also reports studies with neutral results [32, 33] .
Our study took place in the preclinical block musculoskeletal disorders (MSD) of Leiden Medical School. It comprises small-scale preclinical patient encounters in the form of non-obligatory real patients learning (RPL) practicals which are the subject of this study. These two practicals, which feature patients with (1) back pain (BP) and (2) rheumatoid arthritis (RA), enable students to meet patients in a safe environment. The main goal of the practicals is to demonstrate in practice the theory discussed in the lectures and tutorials, and to make students aware of the impact of a disease on patients' lives. In addition, students are, within time limits, trained in history taking and physical examination of the musculoskeletal system. This study investigates the following:
(1) The performance of the participants in the RPL practicals integrated in a preclinical block in knowledge assessment (end-of-block test). (2) The expectations students have from the real patient learning. (3) The experienced effects of the practicals and students' satisfaction.
Methods

Context
The curriculum of Leiden Medical School, the Netherlands, consists of four preclinical and two clinical years. The preclinical semesters consist of 3-to 6-week blocks divided in themes [34] featuring different educational formats, such as formal lectures, small group tutorials, and self-directed learning. Early clinical experience is very rarely included.
In years 3 and 4, clinical problems are the starting point of each theme. This study was conducted in the block on MSD in the final 3 weeks of year 3. In this block, students learn to apply structured clinical reasoning in dealing with problems of the musculoskeletal system. This block implemented two RPL practicals, which are a novelty to the Leiden Medical School curriculum and subject of this study.
Throughout the year 3, none of the educational formats is obligatory. Students who wish to follow one of the smallscale educational formats such as small group tutorial and/ or RPL practical must register and are consequently obliged to be present. The end-of-block test takes place the last day of the block. According to the medical school rules, however, students who undertake the block are not obliged to sit the end-of-block test at that particular moment.
Real patient learning practicals
Each of the two RPL practicals are planned after the formal lectures and small group tutorials concerning the subjects illustrated in the practicals. Each practical lasts 90 min and accommodates 15 students and 4 patients, thus assuring individual scale contact.
Due to the local situation, both RPL practicals are organized differently.
Patients who participate in the practical 'Back pain' are out-patients of the departments of rheumatology, orthopedic surgery, and/or patients under treatment of the local physical therapists) because of chronic low back pain and/ or participants in the local training groups for patients with spondylarthritis. Students are obliged to take the history, perform the physical examination of the spine, decide on the differential diagnosis, and present their case to their peers. The practical is supervised by an experienced physical therapist. A small incentive is provided for the patients.
Patients who participate in the practical 'Arthritis' are members of a professional organization of arthritis educators which employs patients with RA in different phases of their disease [35, 36] . These patients are trained to give presentations and to teach medical students and general practitioners how to recognize and examine inflamed joints and teach about the consequences the disease has on their quality of life. The supervision by a senior staff member is limited to achieve optimal contact between students and patients. Patients receive hourly wages.
Recruitment of student participants
Two months prior to the start of the block, a lecture was given to the cohort of students who were going to participate in the MSD block explaining the purpose of the RPL practicals. In addition, an e-mail was sent to all students with the same content as the lecture. From that moment on until 2 weeks before the start of the MSD block, the practicals were open for enrolment.
Although medical ethics committees in Dutch academic medical centers are currently not required to evaluate this type of study, an ethical procedure was agreed on with the academic hospital's medical ethics advisor. This meant that students were informed that their data (questionnaires and grades) would be anonymized, but not informed about the content of the questionnaires. They were invited to express any disagreement with the procedure and given the assurance that, if they disagreed, their data would be removed from the database. No disagreement was expressed by any of the students.
Students' characteristics
The data concerning the gender and enrolment behavior in the (non-obligatory) educational modules in other blocks then in the block musculoskeletal disorders were collected by means of a short questionnaire presented to all students participating in the end-of-block test just after the test.
Primary outcome
Educational effectiveness
Students' grades on the end-of-block test served as the measure of the educational effect of the practicals.
The test consisted of ten multiple choice questions (range 0-10 points) which examined the basic science knowledge and therapeutic problems (such as side effects of drugs) not directly related to low back pain or arthritis. Twenty extended matching questions (range 0-40 points) examined the knowledge of the musculoskeletal signs and symptoms and differential diagnostic considerations (12 out of 20 related either to low back pain or arthritis). To assess the in-depth acquisition of knowledge, one open question concerning arthritis was included to examine the capacity of the students to exercise the analytical problem-solving method taught during the block (range 0-13 points). In addition, the test included also one open question concerning a pharmacological approach to gout treatment (range 0-4 points). Final test score represents a sum of all subscores (range 0-63 points) with about 60% (37/63) of score representing knowledge concerning either arthritis or low back pain.
The final test grade was determined by method of CohenSchotanus [37] . It ranges from 0 (worst) to 10 (best), a score of six points or more means passing the exam.
To be able to correct for the potentially confounding volunteer bias, the test grades received by the students in the third year blocks preceding the MSD block (block abdominal problems, pulmonal and cardiac problems, and oncology) were collected from the medical school database (past test grades). These blocks were chosen because the level of difficulty was similar to that of the MSD block. The past tests' grades range from 0 (worst) to 10 (best).
Secondary outcomes
Focus groups
Students' opinions concerning their expectation of the early small scale patient contacts, experienced effects, and satisfaction with the practicals were collected by means of two questionnaires, Q1 and Q2. The questionnaires consisted of items generated by focus groups (focus group 1 and 2). Focus group approach has been shown to be effective in eliciting a rich variety of opinions from groups [38] and have been used in investigations similar to ours [20] . The members of the focus group were students who subscribed to practicals and agreed to participate. They were recruited by e-mail send out to all students who subscribed. This procedure resulted in a focus group of six female students (50%) and six male students (50%). The participants in focus group agreed that the results of the interviews will be reported anonymously and they received a small financial compensation for their efforts.
The focus group was scheduled twice before (focus group 1) and twice after the practicals (focus group 2) and lasted 2 h each. It was chaired by a moderator-educationalist (SV) who stimulated the discussion by asking additional questions and encouraged students to participate in the discussion. The focus group members discussed the following topics:
-Focus group 1: The expectations from the early patient encounter during the practicals. -Focus group 2: The experienced (subjective) effects and satisfaction with the practicals.
The focus group discussions were taped, transcribed literally, and subsequently analyzed by the researchers as described by Diemers [20] . Summaries were written and sent to the focus group students for their approval and comments. The qualitative data collected in the focus group meetings were analyzed in three phases as described by Miles and Huberman [39] . First, two researchers extracted separately the aspects of early patient contacts that were mentioned by the students. Second, they combined their analysis and decided about the list of aspects of early patient contacts as put forward by the students. Third, the transcript was analyzed by a third researcher in order to control whether the list of aspects of early patient contact was comprehensive. When this turned out to be the case, the aspects were converted into survey questions. They were piloted with two students to check whether the questions were understandable.
Students' expectations
Q1 contained a list of 13 statements and students were instructed to select three which they regarded as most important.
Experienced effects and satisfaction with the practicals Q2 consisted of the list of 12 statements concerning the subjective effects of both practicals. Students were asked to give a level of their agreement with each statement on a five-point Likert scale (0=I strongly disagree, till 5=I strongly agree). The practical 'Back pain' and the practical 'Arthritis' were assessed separately. In addition, four statements concerning the general satisfaction with the practicals were included. Again, students were asked to indicate to what extent they agreed with each statement on a five-point Likert scale.
The questionnaires were transcribed into NetQuestionnaire and e-mailed to all participants of the practicals. Q1 was sent 1 week before start of the block (and again the day before the start of the first practical), Q2 shortly after the end-of-block test (with a reminder 1 week later).
Statistical analysis
Data were analyzed using Statistical Package for Social Sciences version 16.0 based on intention-to-treat as initially assigned. The differences between the participants and non-participants were analyzed using Student's unpaired t test or chi-square test where appropriate. The mean past test grades were calculated only when at least two out of three grades were available and were used in the linear regression analysis to account for potential confounders. P values below 0.05 were considered to be statistically significant. Effect size was calculated according to Cohen [40] .
Results
In the academic year 2007-2008, when this study was conducted, 377 students (potential participants) participated in the block musculoskeletal disorders (Fig. 1) .
The questionnaire, collecting students' characteristics and presented to the students who sat the test, was answered by 134 participants (134/152; 88%) and 123 (123/148; 83%) non-participants who sat the test.
The majority of participants and non-participants was female (75% and 67%; P = 0.125, respectively). The Fig. 1 Potential participants, cohort of students followed the MSD block. Participants, students who enrolled in real patient learning practicals. Non-participants, students who did not enrol in RPL practicals. Q1, questionnaire introduced to students before the start of RPL practicals. Q2, questionnaire introduced to students after the participation in RPL practicals. End-of-block test+, number of students who sat the end-of-block test. End-of-block test−, number of students who did not sit the end-of-block test participants enrolled more often than the non-participants in the (non-obligatory) educational modules in other blocks (93% and 70.2%, respectively; P=0.000). One hundred seventy-nine (55%) students enrolled in the practicals.
Primary outcome
Educational effectiveness of the practicals
For the analysis of the educational effectiveness of the practicals, data of all participants (N=152) and nonparticipants (N=148) who set the end-of-block test were used (Fig. 1) .
As demonstrated in Table 1 , for all test results including the final grade, final test score, and score for open question rheumatology, the participants in practicals scored higher than the non-participants. In addition, the participants scored also higher for the past test grades suggesting that, in general, students who score higher on tests have chosen to enroll the practicals. When, however, the end-of-block test results were corrected for this potential confounder, the pattern did not change.
Effect size amounted, when using final test score and final test grade, to 0.66 and 0.68, respectively. This effect size is considered in the literature to be between medium (0.5) and large (0.8) [40] .
Secondary outcomes
Students' expectations
Q1 was returned by 78 participants (78/179; 44%). Table 2 demonstrates that the three most important expectations of the practicals were 'better memorizing of clinical pictures' (46/78; 58.9%), 'contextualization of theory' (42/78; 53.8%), and 'improvement of physical examination skills' (42/78; 53.8%). 'Understanding of the impact of the disease' was mentioned only by a minority of the students (12/78; 15.4%).
Experienced effects
Q2 was completed by 72 participants of the practicals (72/ 179; 40%). Tables 3 and 4 show that the most important experienced effects of the practicals, practical 'Back pain', and 'Arthritis' alike, were: 'contextualizing of theory' (93.0% and 97.1%, respectively), 'better memorizing of clinical pictures' (91.6% and 95.7%, respectively), 'understanding of the impact of disease' (91.6% and 95.7%, respectively), 'deepening of the subject matter' (85.9% and 94.2%, respectively) and 'feedback from the patients' (77.5% and 73.9%, respectively).
The least important experienced effects of the practicals 'Back pain' and 'Arthritis' were: 'reflexion on own competence' (36.7% and 34.8%, respectively), 'improvement of interview skills' (49.3% and 21.7%, respectively), and 'development of professional attitude' (49.3% and 34.7%, respectively).
Students' satisfaction
As demonstrated in Table 5 , 80.6% of the students were satisfied with the practicals, 79.1% of the students would recommend the practicals to other students, 73.6% preferred more practicals during the curriculum, and 100% of the students would subscribe again for the practicals.
Discussion
This study gives an example of a successful implementation of real patient learning integrated in a preclinical block thus time wise linked with the teaching of theoretical knowledge and reports extensively on its effects. The qualitative data were collected by means of questionnaires based on focus group interviews. The implementation of real patient learning practicals in teaching of musculoskeletal disorders to undergraduate students resulted in a significantly better performance in the end-of-block test and great satisfaction of the participating students. The students found this small-scale early patient contacts a valuable learning experience.
Our study is one of the few which demonstrate a positive effect of the early contact with real patients on students' performance in knowledge assessments. The BEME systematic review [29] reports studies using performance in examinations as an outcome measure but concludes that the reviewed data are insufficient to support firmly a positive conclusion. Our results concerning the educational effectiveness are, however, in agreement with data presented by Branch et al. [24] not mentioned in the review. This randomized controlled study was performed as a part of the 'Introduction to Clinical Medicine' course and the participants were second year medical students. The students, who were not blinded, were randomized to receive either a video presenting demonstrating techniques and maneuvers used to examine musculoskeletal system or combination of video and instruction provided by trained arthritis educators. Before and after the intervention, the students sat a test and their ability of performing a joint examination was tested. Students who were randomized to participate in the combination video and personal instruction improved significantly more on written examination in which 5 out of 12 questions addressed retention of information concerning arthritis. They also demonstrated a significant greater improvement in confidence to perform musculoskeletal examination and in musculoskeletal examination skills. This well-designed study illustrates that real patient learning can be employed to reach different educational goals depending on the design of the module and its place in the curriculum. In our study, the RPL was placed within a theoretical block thus, supporting the development of clinical reasoning skills which was one of the main goals of that particular block. In the study of Branch, the RPL took place during 'Introduction to Clinical Medicine' course teaching basic clinical skills and demonstrates its value in development of musculoskeletal examination skills and increase in confidence in performing musculoskeletal examination.
We hypothesize that the vehicle for the positive effect of the RPL integrated in the theoretical course focusing on the same clinical problems on students' knowledge might be a Questionnaire introduced to students after the participation in RPL practicals the result of earlier reported effects of contact with real patients. Others showed that the demonstration of practical relevance of theory eases learning processes [20, 21] , strengthens the acquisition and retention of knowledge [18, 19] , and stimulates learning.
The most frequently mentioned expectations of the practicals were: 'better memorizing clinical pictures', 'contextualization of theory', and 'improvement of physical examination skills'. Students' expectations of preclinical small scale contact with patients are not often mentioned in the literature. Dornan et al. explored the expectations of undergraduate students and other stakeholders in Manchester medical curriculum (then containing only little early medical experience) of the preclinical encounters [26] . Students expected early contact with real patients to help them in memorizing the clinical pictures by linking it to visual images, by contextualizing the theory, and by putting it into perspective. They expected that the contact with real patients will help them understand the theory rather than memorize it. In addition, students expected to learn skills necessary for clinical practice and to improve their professional attitude. The results of this study are very much consistent with our findings.
The most frequently mentioned experienced effects of the practicals were: 'contextualizing of theory', 'better memorizing of clinical pictures', 'understanding of the impact of disease', and 'deepening of the subject matter'. Last but not the least; students highly valued the feedback by the patients. Surprisingly, while students' expectations towards the 'understanding of the impact of the disease' were not high (15.4%), a majority of the students mentioned it as an important effect afterwards (91.6% and 95.7%). This outcome illustrates, in our opinion, not so much the disinterest of the students in the impact of the disease on the patient but the lack of experience with RPL in our curriculum. Our findings are in agreement with findings of other investigators [18, 20, 23] and underline the strong effects of contact with real patients even when it is relatively limited in scope as in this study.
There are several limitations to this study. Firstly, due to the local situation, the study is set up as a non-randomized observational study and is thus subjected to bias such as volunteer bias. This presumption is supported by the finding that past test grades of the participants were higher than those of the non-participants. The fact that participants more often than non-participants stated enrolment in the (non- a Questionnaire introduced to students after the participation in RPL practicals obligatory) educational modules in earlier blocks point in the same direction. We tried to correct for this potential confounder by presenting the data on primary outcome before and after correction for past test results. Another source of bias might be the lack of blinding of the study participants. The study participants were, indeed, aware that they were participating in a study and they were not blinded to the intervention. They were, however, unaware of the nature of the questions constituting the questionnaires.
Secondly, due to study design, the participants in practicals enjoyed three more teaching hours than the non-participants. Thus, theoretically, better performance of the participants might be due to the higher number of teaching hours.
Finally, the response rate on the digital (NetQuestionnaire) questionnaires is relatively low. Q1 was completed by 44%, while Q2 by 40% of the participants. Reported response rate of electronic surveys with students varies between 22% and 89% depending on multiple factors such as the recruitment of the survey participants, follow-up contacts, number of reminders, survey length, issue salience, and number of previous surveys received [22, 41, 42] . Increasing number of electronic surveys in our institution might be the cause of low response rate in this study and thus limit the value of results on the secondary outcomes. Clearly, response was much higher when a paper-pencil questionnaire was presented directly after our students finished the end-ofblock test (overall response 79%).
In conclusion, this is one of the few studies demonstrating that real patient learning of musculoskeletal disorders does have a positive effect on students' performance in assessments of knowledge and clinical reasoning. Early introduction of 'real' musculoskeletal pathology linked together with the teaching of theoretical knowledge in the preclinical medical education might be an important step towards early recognition of inflammatory diseases, early treatment, and better prognosis of the patients. Future research should be directed towards its effects on competences such as clinical skills, professional attitudes, and long-term effects of this intervention.
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